Objective: To present prenatal diagnosis of mosaic trisomy 8 and to review the literature. 
Introduction
Mosaic trisomy 8 has marked phenotypic and cytogenetic variability and an estimated frequency of 1:25,000e50,000 births [1, 2] . Characteristic phenotypic features in mosaic trisomy 8 include limb and skeletal anomalies of deep palmar and longitudinal plantar furrows, absent or hypoplastic patellae, camptodactyly, spinal deformity and limitation of motion of joints, facial dysmorphisms of hypertelorism, full lips, a broad nasal root, a prominent forehead and a high arched palate, a long and slender trunk with narrow shoulders and pelvis, a short and webbed neck, corpus callosum agenesis, moderate mental retardation, congenital heart defects, facial clefts, and renal anomalies [1e3] . Prenatal diagnosis of mosaic trisomy 8 is uncommon. Herein, we present prenatal diagnosis and molecular genetic analyses of mosaic trisomy 8 in a pregnancy with a favorable fetal outcome and a review of the literature.
Materials, methods, and results
A 34-year-old, gravida 8 para 3, woman underwent amniocentesis at 16 weeks of gestation because of her advanced maternal age. In 6 of 37 separated cultured amniocyte colonies, an abnormal karyotype of 47,XY,þ8 was found ( Fig. 1) , whereas the other 31 colonies had a karyotype of 46,XY. The cytogenetic result of amniocentesis was 47,XY,þ8 [6] /46,XY [31] . The parental karyotypes were normal. Prenatal ultrasound findings were unremarkable. At 21 weeks of gestation, repeated amniocentesis was performed. Array comparative genomic hybridization (aCGH) analyses by CMDX BAC aCGH 3000 Chips and Oligo HD Scan (CMDX, Irvine, CA, USA) (Fig. 2) and quantitative fluorescent polymerase chain reaction (QF-PCR) analysis (Fig. 3) [29] . FISH analysis of cultured interphase lymphocytes showed 5% (5/100) mosaicism for trisomy 8 (D8Z3Â3). The parents decided to continue the pregnancy. At 29 weeks of gestation, preterm rupture of the membranes occurred and a 1373-g male baby was delivered with Apgar scores of 8 and 9 at 1 minutes and 5 minutes, respectively by cesarean section because of malpresentation. Cytogenetic analysis of the peripheral blood revealed a karyotype of 47,XY,þ8 [1] /46,XY [29] . The infant was grossly normal at birth. The brain and heart ultrasound findings were unremarkable. At a routine pediatric follow-up examination at 4 months of age, the infant showed normal growth and mental development.
Discussion
The present case provides evidence that the use of interphase FISH in uncultured amniocytes is practical for confirmation of low-level mosaicism for trisomy 8 at amniocentesis. The interphase FISH has been shown to be an efficient method for confirmation of the status of mosaicism in the amniocytes before culture [4] . In this study, both QF-PCR and aCGH were not able to detect the low-level mosaicism for mosaic trisomy 8 in the uncultured amniocytes. QF-PCR has been reported to detect mosaicism when the abnormal cell line comprises at least 15% of the whole sample [5] . aCGH has been reported to detect low-level mosaicism as low as 20% in peripheral blood cells [6, 7] . Recently, using a 50K SNP microarray (Affymetrix 50K Xba SNP microarray) to evaluate detection of mosaicism for trisomy by mixing measured amounts of fibroblasts containing trisomy 8 from a male with aliquots of cells with a normal female karyotype, Cross et al [8] reported to detect mosaicism at the lower limit for detection level of 10%. The present case was not associated with UPD 8. Prenatal diagnosis of low-level mosaic trisomy should alert UPD. Although there is no evidence for an imprinting locus on chromosome 8, UPD 8 can be associated with major clinical consequences when a recessive mutation is reduced to homozygosity [9, 10] . Benlian et al [9] reported lipoprotein lipase deficiency associated with paternal isodisomy of chromosome 8 because of a homozygous LDL mutation. In that case, the father of the proband was a heterozygous carrier of the mutation. Varon et al [10] reported Nijmegen breakage syndrome associated with maternal isodisomy of chromosome 8 because of a homozygous NBN mutation. In that case, the mother of the proband was a heterozygous carrier of the mutation.
To date, at least 22 cases of prenatally detected mosaic trisomy 8 and 5 cases [11e15] of prenatally undetected mosaic trisomy 8 have been reported (Table 2) [11e27]. Of the 27 cases, at least 11 cases (40.7%) were associated with phenotypic abnormalities, suggesting that the malformation risk should be concerned in prenatal diagnosis of mosaic trisomy 8. Among normal fetuses, the sex ratio is 1.07 (males/females). Table 2 shows that the sex ratio for fetal mosaic trisomy 8 is 3.33 (20 males/6 females), indicating a male preponderance in fetal mosaic trisomy 8 and a natural selection against mosaic trisomy 8 female conceptuses. In a study of 26 cases of mosaic trisomy 8, Karadima et al [28] found a skewed sex ratio of 2.71 (19 males/7 females) and a ratio of 3 (15 males/5 females) in the postzygotic mitotic group. In a review of about 120 cases of mosaic trisomy 8, Schinzel [3] found that more than three of four of the patients were male. Table 2 also shows that mosaic trisomy 8 can prenatally be associated with elevated maternal serum a-fetoprotein (MSAFP), abnormal maternal serum screening, and abnormal ultrasound findings. Miller et al [29] reported an extremely elevated MSAFP level (13.89 MoM, multiples of median) and a mild elevated maternal serum human chorionic gonadotropin level (3.57 MoM) in a pregnancy with mosaic trisomy 8, bilateral pyelectasis, and a prominent third ventricle. Schneider et al [12] reported high MSAFP levels, 2.8 MoM and 4.5 MoM, respectively, in two maternal serum screens in a pregnancy with mosaic trisomy 8 and corpus callosum agenesis. In that case, the levels of amniotic fluid AFP were normal. Hanna et al [13] reported a high MSAFP level of 9.7 MoM and a high amniotic fluid AFP level of 3.58 MoM in a pregnancy with fetal mosaic trisomy 8. The fetus prenatally manifested a lemon and banana sign on ultrasound. Southgate et al [14] reported an elevated MSAFP level in a pregnancy with mosaic trisomy 8 and fetal ventriculomegaly. The reported abnormal ultrasound findings associated with mosaic trisomy 8 include nuchal thickening, cystic hygroma, megacystis, pyelectasis, microcephaly, ventriculomegaly, hemivertebra, limb defects, and reverse enddiastolic ductus venosus flow. Prenatal diagnosis of corpus callosum agenesis and ventriculomegaly should alert mosaic trisomy 8. Markov et al [30] reported corpus callosum agenesis in a fetus with mosaic trisomy 8 at 30 weeks of gestation. In a study of 35 cases of prenatally detected corpus callosum agenesis, Pilu et al [31] found that 8.6% (3/35) were mosaic trisomy 8. Table 2 shows that among the 28 cases with mosaic [11] , Schneider et al [12] , Hanna et al [13] , Southgate et al [14] and van Haelst et al [15] reported on clinical cases with mosaic trisomy 8 missed at amniocentesis. It has been suggested that when mosaic trisomy 8 is encountered at chorionic villus sampling, cordocentesis rather than repeated amniocentesis is preferably recommended [13, 15] . Hulley et al [27] observed selective growth advantage of normal cells and growth disadvantage of trisomy 8 cells in mosaic trisomy 8. In those reported cases with mosaic trisomy 8 missed at amniocentesis, the disappearance of trisomy 8 amniocytes was likely caused by selective growth disadvantage of the abnormal trisomy 8 cell line following the culture procedure. As presented in this case, in instances of repeated amniocentesis for confirmation of mosaic trisomy 8, the interphase FISH study on uncultured amniocytes is practical and should be included in the follow-up investigations.
Genetic counseling of mosaic trisomy 8 at prenatal diagnosis remains difficult because of marked phenotypic and cytogenetic variability. The percentage of trisomy 8 metaphase cells in blood or skin has been noted to have no correlation with the severity of clinical manifestation, the incidence of malformations and the degree of mental retardation, and the amount of the aneuploid cell line can decrease with age [3] . Because fetuses with mosaic trisomy 8 are compatible with viability and can have a favorable outcome, prenatal diagnosis of mosaic trisomy 8 should include thorough investigations of structural abnormalities and UPD 8. Early diagnosis of associated anomalies and UPD 8 may provide more information for genetic counseling and lessen the dilemma for genetic counselors.
